Using male and female Alderley Park (Wistar-derived) rats housed in single-sex groups in standard laboratory cages, we looked at the effect of group size (one, three, five or eight) on competitive behaviour and time budgeting (initial and longer term), changes in their serum testosterone (males), corticosterone and antibody concentrations, and organ pathology at age 16 weeks, together with the interrelationships between behavioural measures and pathophysiological indices of social stress. Group size had only limited long-term effects on overall time budgeting and did not affect pathophysiological responses, although there were highly significant differences between individuals in replicate cage groups. Pathophysiology within both sexes showed strong and highly specific correlations with a small subset of behaviours suggesting frustrated attempts to escape from cages, including chewing the cage bars. Escape-related behaviour also correlated strongly with one component of competitive behaviour, Aggressive Grooming within both sexes, although Aggressive Grooming correlated with pathophysiological responses only among males. Females generally showed greater escape-related behaviour associated with greater signs of pathophysiology regardless of the level of aggression shown between cagemates. Major differences in intercorrelated behavioural and pathophysiological responses between replicate groups implied that the individual composition of groups rather than their size had the greater impact on the welfare of the rats, especially among females. This may be consistent with adaptive sex differences in their competitive reproductive strategies. The frequency of apparent escape-related behaviours and Aggressive Grooming, particularly when rats are first introduced into their cage groups, may provide a simple assessment of the welfare implications of particular cage groupings.
Stocking density (the number of individuals per cage/ enclosure), along with other features of housing, in laboratory animals is an issue of considerable welfare concern. Various national and international bodies (e.g. US Department of Health and Human Services 1985; Council of Europe 1986; Home Office 1995) have drawn up codes of practice or other recommendations relating to the social and other conditions under which laboratory animals are maintained (e.g. O'Donoghue 1995). More specific recommendations for laboratory rodents, particularly mice, Mus musculus, and rats, Rattus norvegicus, focus on the role of stocking density and cage design in alleviating social stress (e.g. Bishop & Chevins 1989; Brain 1989 Brain , 1995 Rock et al. 1997 ; see also Manser 1992). As Barnard & Hurst (1996) and Hurst et al. (1996 Hurst et al. ( , 1997a Hurst et al. ( , b, 1998 have recently argued, however, evaluating relationships between housing conditions and social stress is problematic. Measures of stress (e.g. elevated glucocorticoid levels, immunodepression, pathology; see Manser 1992; Broom & Johnson 1993) by themselves cannot distinguish costs to the animal that reflect an unwelcome imposition from costs that reflect adaptive decision making and life history trade-offs (Barnard & Hurst 1996; Fraser et al. 1997; Barnard & Behnke, in press) . One way of doing this, Barnard & Hurst (1996) argued, is to seek circumstances in which the animal's adaptive decision-making rules of thumb become frustrated. Hurst et al. (1996 Hurst et al. ( , 1997a Hurst et al. ( , b, 1998 suggested that Alderley Park (AP) Wistar rats adopt a range of social strategies within single-sex groups that differ within and between the sexes and that they vary in their susceptibility to frustration in different captive environments. In particular, individuals in single-sex groups
